
Detecting Elevator Brake and Other Dragging 
by Monitoring Motor Current 

Technical Field 

5 This invention detects when there is elevator brake roller guide or other drag, or 

when the brake torque is inadequate, by comparing motor current to that which is to be 
expected under current operating conditions and by determining motion of the elevator 
with the brake engaged when being driven by a current less than that which should be 
required to do so, respectively. 

10 

Background Art 

To determine if elevator brakes are operating properly, it is known to use 
hardware elements such as microswitches and proximity sensors on the elevator brake to 
directly monitor the mechanical movement and/or position of the brake shoes or pads. 

1 5 Frequently, these sensors are less reliable than the brake itself and therefore cause false 
indications of brake discrepancy, resulting in unnecessary shutdown of the elevator. 
Thus, in addition to the initial cost of the switches and/or sensors, there is the additional 
cost associated with service calls and replacement of the switches and sensors. 

Heretofore, the only check on the torque capability of the elevator brake has 

20 been provided by inferring the brake condition from the switches and sensors that 
determine the degree of motion and position of the brake, when it is in the engaged 
position. However, only the most flagrant malfunctions are detectable in this way. 
Other malfunctions such as aging of roller guides, can cause undesired drag on the 
elevator, and the detection of such is advantageous. 

25 

Disclosure of Invention 

Objects of the invention include reducing costs and improving reliability of an 
elevator by elimination of switches and sensors on the elevator brake which are used to 
monitor the mechanical movement and/or position of the brake shoes or pads. Other 

30 objects include providing an improved method for sensing elevator brake and other drag; 
providing an elevator brake monitoring system which is at least as reliable as the elevator 
brake itself; and providing improved checking of elevator brake torque capability. 

According to the present invention, elevator brake and other elevator 
component drag, such as roller guide drag, is determined by comparing the motor current 

35 actually required for rated speed or acceleration operation at a given hoistway position, 
elevator direction, and load, with the current which is predicted to be required for such 
conditions. According further to the invention, the predictions are made from baseline 
measurements of motor torque current at specific positions of the hoistway when 
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traveling in a specific direction, with various loadings. The loadings may, for instance, 
be confined to zero load and rated load, if desired. 

In accordance with the invention, the torque capability of the brake is checked 
by providing a major fraction of current previously required in a baseline measurement 
in order to cause motion of the car against a fully engaged brake; if the car moves with, 
for instance, 90% of the previously determined current required to move the car against 
the engaged brake, a requirement for brake service is noted, with or without immediate 
shutdown of the elevator, as is deemed suitable in any implementation of the present 
invention. According further to the invention, the baseline current is determined by 
causing the elevator to move in a particular direction with a previously determined 
loading, such as in the up direction when the car is empty, at a time when the brake is 
known to be operating with proper capability, such as at or soon after the initial 
installation of the elevator or refurbishment of the brake. 

Other objects, features and advantages of the present invention will become 
more apparent in the light of the following detailed description of exemplary 
embodiments thereof, as illustrated in the accompanying drawing. 

Brief Description of the Drawings 

Fig. 1 is a macro flow chart illustrating a setup routine to determine the baseline 
measurements for checking the drag of the elevator brake. 

Fig. 2 is a simplified, high level functional chart of a routine which may be 
utilized periodically for checking brake drag by comparing motor current to baseline 
motor current for the same conditions. 

Fig. 3 is a high level simplified, illustrative flow chart of a routine which may 
determine baseline brake torque motor current 

Fig. 4 is a high level simplified, illustrative flow chart of a routine which may 
determine reduced brake torque capability by moving the elevator with a motor current 
which is a fraction of the baseline current. 

Mode(s) for Carrying Out the Invention 

Referring to Fig. 1, the baseline currents for the drag check according to the 
invention are provided in a series of routines reached through an entry point 9 which are 
performed prior to or soon after the elevator goes into service, or a thorough brake 
refurbishment has occurred. These routines are called into operation by service 
personnel at an appropriate time and under appropriate circumstances. A first routine 10 
is performed with the car empty and the direction up. As the car moves up, the motor 
current is recorded at each floor commitment position (that is, the final position along the 
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route of travel at which the car could commit to stopping at the next floor), or, if desired, 
the motor current could be recorded every three meters, or in some other defined way 
which is deemed suitable in any implementation of the present invention. Although the 
predetermined positions in this embodiment are taken to be floor commitment positions, 
5 which are different for the upper direction than for the down direction, if other positions 
are chosen, such as every ten meters in either the up or down direction, the 
predetermined positions for the up direction may be the same as the predetermined 
positions for the down direction. A routine 1 1 will be performed with the car empty and 
the direction set for the downward trip; the motor current is then recorded at each of a 

1 0 plurality of selected positions, such as each floor commitment position. 

In another routine 12, the car is provided with 100% of rated load (utilizing 
portable weights, as is known in the art), or some other suitable percentage of weighted 
load as may be deemed to be best in any implementation of the present invention. Then 
as the car travels up under load and the motor current is recorded at a plurality of 

15 selected positions, such as at each floor commitment position. Similarly, the routine 13 
will be performed with the car fully loaded in the downward direction, with motor 
current being recorded at each floor commitment position (or with such other loading 
and at such other positions as are selected for the routines). When the recordation of 
baseline currents is complete, these routines end, as at 14. In the usual case, the routines 

20 of Fig. 1 need only be performed on occasion, to account for normal variations due to 
use and wear, or whenever there has been a maintenance action which could alter the 
required motor currents. 

After the baseline currents have been determined, during normal use of the 
elevator, typically, within any normal run of the elevator, the motor current is checked to 

25 see if it is within some tolerance of the baseline current for like conditions. A 

methodology for performing the drag check may take a form somewhat like the routine 
illustrated in Fig. 2. Therein, a routine is reached through an entry point 20 and a first 
test 21 determines if the elevator door is closed. If not, the routine will loop around test 
21 until the door does become closed. Then, the car load is recorded by a subroutine 22. 

30 In a step 25, a floor indicator, F, is set equal to the floor number of the floor that the car 
is about to leave. And then a direction flag is set equal to the elevator car direction 
(DIR) in a step 26. A subroutine 28 then predicts the motor current for the direction and 
load determined in the routine 22 and step 26 at the commitment position for the next 
floor in the direction that the car will travel which is either +1 or -1 depending on 

35 whether the car is going up or down (F±1,DIR). If the baseline currents are established 
only for no load and rated load, then interpolation will be made for the percentage of 
rated load that was recorded in the subroutine 22, for the current direction of motion and 
the particular commitment position for the next floor. As is known, a very small amount 
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of motor current is required to move a 50% load at rated speed, and higher currents of 
one direction are required to move a less than half full car down or a more than half full 
car up, and currents of an opposite direction are required to move a more empty car up or 
a more full car down. 

5 The program reaches a pair of tests 29, 30 that check that the car has reached 

rated speed and is at the commitment position for the next floor in the direction the car is 
traveling. When that happens, an affirmative result of both tests reaches a subroutine 33 
to record the motor current. Then a test 34 determines if the absolute value of the 
difference between the predicted motor current and the actual motor current is more than 

1 0 some tolerance value. If it is, a step 3 5 will enter a car call stop for the next committable 
floor (the next floor that the car could stop at). Once the car has stopped, the door will 
eventually become fully open and an affirmative result of a test 38 will reach a pair of 
steps 39, 40 to shut the elevator system down and to generate an error message indicating 
that there is excessive drag on the elevator. Then other programming is reverted to 

15 through a return point 41. 

The routines just described are exemplary and not necessarily indicative of the 
manner in which the invention must be practiced. Many variations in the routines may 
be made so long as there are predetermined baseline currents against which current 
measurements can be compared, with or without interpolation or extrapolation of one or 

20 more parameters, to detect a sufficient difference from the baseline that would be 
indicative of brake or other undesired drag. 

In the foregoing example, motor current at rated speed is used as the parameter; 
checking it at a known point in the hoistway is required so as to accommodate the weight 
differential for cables and the like in the hoistway which are dependent upon the position 

25 of the car within the hoistway. Checking current at rated speed when the car is at a 

particular position is one of a plurality of predetermined steady motor current conditions, 
because the current at rated speed is liable to have stabilized and be relatively steady, and 
the current required for a given load at a particular point in the hoistway should be the 
same each time. Another way the invention may be practiced is to record the motor 

30 current during acceleration from a particular floor; the floor from which the car is 

accelerating is the positional information which is necessary, and measuring the current 
after the car has been able to reach steady state acceleration is the other predetermined 
condition. Thus, the motor current at a plurality of predetermined steady motor current 
conditions is defined herein to include measuring the motor current during acceleration 

35 from a particular floor and measuring motor current at rated speed when at a particular 
position. 
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Another dynamic check which may be made in accordance with the invention is 
whether or not the brake, including its springs, alignments, and mechanical motion 
capability are such as will provide an adequate braking torque. This is done by 
establishing the amount of motor current which is required in order to move the elevator 
5 against the action of the brake when engaged, under the condition of a new or newly 
refurbished brake which is known to perform adequately. Then, periodically, the motor 
is provided with a significant fraction of the predetermined current, and if the elevator 
actually moves under that fraction of the predetermined current, the brake is presumed to 
have deteriorated to a notable state requiring service, and appropriate action can be 
10 taken. 

A routine to determine the baseline current may take any suitable form, such as 
the routine illustrated in Fig. 3. Therein, the routine may be entered through an entry 
point 44 and a series of tests 45-48 will determine if the car is empty and located the 
second floor from the top, if the direction is up and the brake is engaged. If any of these 

15 is not true, a negative result will reach a step 51 to generate an instructional message for 
service personnel who are conducting the baseline process. When all of these conditions 
have been met, affirmative results will reach a step 52 which sets the baseline position, 
POS 0 , equal to the car position, as indicated by the primary position transducer, or the 
equivalent. Then, the motor current is incremented in a step 53 and a test 54 determines 

20 if the difference between the present position of the car and the baseline position of the 
car is equal to or exceeds a threshold, which may be on the order of a few millimeters. If 
not, the step 53 is reached to increment the motor current again, and test 54 is repeated. 
When the car finally moves by some small threshold amount, an affirmative result of test 
54 causes a step 57 to set the baseline current, Iq, equal to the present motor current, a 

25 step 58 to restore motor current to zero, a step 59 to initiate a torque check timer 
(described with respect to Fig. 4, hereinafter, and the routine ends at a point 60. 

The brake torque capability may be checked utilizing a significant fraction of 
the current determined necessary to move the car against the brake when engaged, by 
any number of processes, one of which may resemble that illustrated in Fig. 4. Therein, 

30 the routine may be reached through an entry point 63 that is reached when the torque 

check timer, initiated in step 59 of Fig. 3, times out. Then, a step 64 causes the routine to 
wait until the car is empty with the door closed. This is a condition which may cause the 
car to become parked, in some circumstances. In this condition, it is known that the car 
is available and it is empty. When that occurs, a step 65 blocks all the hall calls, a step 

35 66 enters a car call for the next to top floor (TOP-1), and a step 67 causes the door open 
command to be bypassed. Then, the routine will wait until a test 70 indicates that the car 
is at the top floor, a test 71 indicates that the brake is engaged, and a test 72 checks that 
the door is still closed. Initially, as the car moves upwardly, test 70 will be negative 
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reaching a test 75 to determine if a travel timer has been initiated, or not. If the travel 
timer is set at zero, this means it has not yet been started and a positive result of test 75 
will reach a step 76 to initiate the travel timer. Then the program reverts again to test 70. 
Again, test 70 will be negative in the second pass and will again reach test 75 which this 
5 time is negative because the timer has been initiated. A test 77 determines if the timer 
has reached one minute or not. Initially it will not, so the program reverts to test 70 one 
more time. This continues until either all of the tests 70-72 are affirmative or a time of 
one minute has elapsed. If the timer reaches one minute, an affirmative result of test 77 
reaches a step 78 to generate torque check abort message, after which a step 79 initiates 

1 0 the torque check timer again and the routine goes into a wait state 80 pending receipt of 
the next torque check timeout interrupt. 

If, before one minute elapses, the car is sitting at the top floor with the brake 
engaged and the doors still closed, an affirmative result of tests 70-72 reaches a step 85 
to set the direction of the elevator to up, a step 86 to set a beginning position, POS 0 , 

1 5 equal to the current position of the elevator in the hoistway, and a step 87 sets a counter 
to zero. Then, a step 90 sets the motor current equal to 0.9 (or some other selected major 
fraction) times the baseline current, I 0 , established in step 57 of Fig. 3. The routine then 
waits ten seconds to allow the motor current to be provided and have an effect, in a step 
91, and then a test 92 determines if the car has moved by comparing the difference 

20 between the current position and the initial position to see if that difference exceeds 

some tolerance, which may be a few millimeters. If the car has not moved more than the 
tolerance amount, a negative result of step 92 reaches a step 95 to reduce the motor 
current to zero and a step 96 to increment the counter to indicate that one test has been 
provided. A test 97 determines if the counter has reached three; initially it will not so the 

25 program reverts once again to the steps 90 and 91 to provide current to the motor and test 
92 to see if the car has moved more than a tolerance amount. If the car moves, an 
affirmative result of test 92 reaches a step 100 which restores motor current to zero, a 
step 101 which shuts the system down, and a step 102 which generates a torque fault 
message. Then, the torque check timer is initiated in step 79 and the routine goes into a 

30 wait state 80, pending the next torque check timeout interrupt. 

If after three tries, the car has not moved, an affirmative result of test 97 will 
bypass the steps 100-102, reaching the step 79 to initiate the torque check timer and then 
going into the wait state 80. 
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